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Introduction

Although surgical techniques may vary, posterior spinal
fusion, often in conjunction with decompression, remains
the primary surgical modality to manage degenerative, de-
forming, traumatic, and malignant pathologies of the lumbar
spine.1 Clinical success following lumbar fusion has beenwell

documented,2–6 and according to a recent report, greater
than 300,000 procedures are performed annually in the
United States,7 with the surgical volumes continuing to
increase both in the United States and in Canada.8 Although
this surgical procedure is successful for managing many
spinal pathologies, adjacent segment pathology (ASP) may
complicate long-term outcomes of spinal fusion surgery.
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Abstract Study Design Retrospective cohort study.
Objective To identify the incidence of adjacent segment pathology (ASP) after
thoracolumbar fusion of three or more levels, the risk factors for the development of
ASP, and the need for further surgical intervention in this particular patient population.
Methods A retrospective analysis of a prospective surgical database identified 217
patients receiving polysegmental (� 3 levels) spinal fusion with minimum 5-year follow-
up. Risk factors were evaluated, and the following data were obtained from the review of
radiographs and charts: radiographic measures—levels fused, fusion status, presence of
ASP; clinical measures—patient assessment, Oswestry Disability Index (ODI), and the
need for further surgery.
Results The incidence of radiographic ASP (RASP) was 29%; clinical or symptomatic
ASP (CASP), 18%; and those requiring surgery, 9%. Correlation was observed between
ODI and ASP, symptomatic ASP, and need for revision surgery. Age, preoperative
degenerative diagnosis, and absence of fusion demonstrated significant association to
ASP.
Conclusions ASP was observed in a significant number of patients receiving poly-
segmental fusion of three or more levels. ODI scores correlated to RASP, CASP, and the
need for revision surgery.
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Estimates of the incidence of ASP vary drastically in the
literature.9 This may be due in part to disease definitions,
length of observation, surgical intervention, and other clini-
cal and research factors. A recent systematic review has
calculated a radiographic incidence of 34% (adjacent segment
degeneration, now referred to as radiographic adjacent seg-
ment pathology [RASP]) and a clinical incidence of only 14%
(adjacent segment disease, now referred to as clinical adja-
cent segment pathology [CASP]).10,11 The data are limited at
present as most evidence of ASP has been based on single-
level surgery.9

There is much debate in the literature concerning the
etiology of ASP.9 Some believe that it is a natural progression
of a pre-existing disease process,12–14 and others suggest that
it is a problem resulting from the biomechanical alteration of
the lumbar spine or surgical injury to the adjacent level.15

Despite controversy regarding the etiology, medium- to long-
term observation has revealed that following posterior lum-
bar fusion, the spine is prone to persistent deterioration at the
adjacent nonfused motion segment, regardless of pathology
or surgical technique.9,11 With the increasing volume of
lumbar spinal fusions, there is a need to determine the causes
and risk factors associated with ASP.

At our institution, it was clinically identified that the
incidence of ASP appeared higher in polysegmental fusions
of three or more levels, thus triggering the need for a
retrospective review of patients in this cohort. Given the
uncertain nature of the influence of multiple fusion levels on
the development of ASP, the purposes of this study were: (1)
to determine the incidence of RASP and CASP in the cohort of
patients who have undergone polysegmental (� 3 levels)
spinal fusion and (2) to identify the risk factors for the
development of ASP and the need for further surgical inter-
vention in this particular patient population.

Methods

Following Research Ethics Board approval, a retrospective
review of all patients undergoing a posterior instrumented
thoracolumbar spinal fusion of three or more levels between
1988 and 2000 was conducted. All patients included in the
cohort were those of the principal investigator (E.P.A.), a
fellowship-trained spinal surgeon from a single institution.
All deformity, traumatic, and degenerative conditions of the
spine were included in the review, and a minimum 5-year
postoperative follow-up was required for inclusion in the
study.

For the purpose of this article, ASP encompasses the
entities of RASP and CASP. RASP is the radiographic deterio-
ration observed at the motion level, either cephalad or
caudad, to the site of spinal fusion. CASP is the presence of
clinical symptoms secondary to this junctional deteriora-
tion.11 Radiographs exhibiting no ASP were distinguished
from radiographs demonstrating findings such as degenera-
tive disk disease, listhesis, instability, stenosis, and/or defor-
mity. The clinical evaluation identified those patients with
RASP who were reporting recurrent back or leg pain, neuro-
logic dysfunction, and/or diminished mobility. Therefore,

patients clinically diagnosed with symptoms such as neuro-
genic claudication and/or radiculopathy (CASP) via patient
history and physical examination were distinguished from
those who did not subjectively report symptoms (RASP). In
this manner, the patients can be divided into three groups:
those patients exhibiting no ASP, thosewith nonsymptomatic
RASP, and those with symptomatic RASP (CASP).

The primary outcome measure was defined as the presence
or absence of ASP upon radiographic analysis. Radiographic
evaluation was completed by authors E.A.P. and N.A.M., fellow-
ship-trained spinal surgeons. The evaluation compared standing
anteroposterior and lateral lumbar radiographs performed pre-
operatively to standinganteroposterior and lateral lumbar radio-
graphs obtained at most recent follow-up. Further follow-up
included myelography, computed tomography (CT), and/or
magnetic resonance imaging (MRI) as indicated based onpatient
clinical presentation. The incidence of ASP was determined
based on the following radiologic parameters16:

1. Complete collapse of the disk space with end plate
sclerosis

2. Sagittal or coronal translation of more than 3 mm
3. Five degreeswedging of the disk space on the coronal view
4. Angular instability of more 10 degrees on dynamic

radiographs
5. Significant spinal canal compression, as seen on MRI

Secondary outcome measures evaluated patient symp-
toms and disability. Subjective complaints and physician
assessment identified issues such as back pain, radiculopathy,
and neurogenic claudication that were correlated to radio-
graphic findings to confirm symptomatic ASP. Oswestry
Disability Index (ODI)was administered at aminimum5years
post–index operation. Clinical assessment and ODI allowed
comparison of patients without ASP, patients with nonsymp-
tomatic ASP (RASP), and patients with symptomatic ASP
(CASP) in an effort to determine if there were differences in
disability between these groups. Further analysis evaluated
(1) patient demographics, obtained from the patient’s medi-
cal records; (2) fusion status, measured via plain radiogra-
phy1 or CT if available17; and (3) revision surgery, the details
of which were obtained from the patient’s medical records.

Patients requiring revision surgery underwent posterior
approach to the previous surgical site and affected motion
level. In situ instrumentation was identified, set screws and
rods were removed, and pedicle screws were assessed for
stability and revised if considered unstable. Posterolateral
fusion mass was inspected for arthrodesis and previous
decompression was inspected as patient symptoms or imag-
ing demanded. The fusion was extended to incorporate the
level of ASP. Instrumented stabilization techniques for the
affected motion level were dependent on the nature of the
degeneration. Posterolateral decortication and placement of
autologous bone graft created the fusion bed. Standard
wound closure was performed, no drains were placed, and
patients were mobilized on postoperative day 1 with a brace.

To determine the relationship between patients’ medical
and demographic characteristics and the likelihood of ASP,
proportions of patients experiencing ASP were compared
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across different subsamples. A difference of proportions was
used to determine whether different patient groups experi-
enced a higher incidence of ASP. The ability of specific patient
characteristics to predict incidences of ASP were not tested
due to small subsample sizes for different diagnostic groups.
However, mean differences in ODI scores were compared
between patients without ASP and patients with RASP and
CASP using a one-way analysis of variance to determine if
these groups differed significantly in disability. A post hoc
Tukey test was used to determine which group differed
significantly from the other.

Results

In all, 425 consecutive patients receiving posterior spinal
fusion of three or more levels between 1988 and 2000 were
identified in the database. Of the 425, 11 patients were
deceased, 127 were untraceable (relocated or unable to
contact), and 70 had incomplete data and absence of preop-
erative radiograph access. Thus, 217 patients were available
for the study with complete pre- and postoperative data.
Minimum 5-year follow-up was achieved, with an average of
9.5 years and a range of 5 to 12 years. See►Table 1 for patient
demographics.

The majority (150 patients) of the cohort received initial
treatment for spinal stenosiswith the possibility of associated
spinal instability or deformity. A small subgroup (24 cases) of
the cohort consisted of pediatric scoliosis, a group that
displayed no signs of ASP and displayed a final postoperative
ODI score of 6.

Of the 217 patients, 35.5% (77) were male and 64.5% (140)
were female; 30% (64) did not have degenerative diagnosis at
first assessment and 70% (153) did have a degenerative
diagnosis. In addition, 71% (154) had no ASP and 29% (63)
had RASP. Radiographic diagnosis of ASP is categorized
in ►Fig. 1. Of the 63 patients who had RASP, 11% (24) had

no symptoms and 18% (39) experienced symptoms (CASP).
Nineteen patients (9%) with ASP required revision surgery. Of
the 19 patients who underwent revision surgery, all but 1
(95%) had a positive fusion status as determined
radiographically.

ASP was observed in 29% of both male (22/77) and female
(41/140) patients. Gender did not correlate to presence of ASP
with and without symptoms, diagnosis, fusion status, or
revision surgery. There was significant difference between
the mean age of patients without ASP (47 � 23.2 years) and
those with ASP (61 � 16.7 years; t(149) ¼ � 4.869,
p < 0.001).

However, of the 63 patients with ASP, 89% (56) had a
positive fusion status and 11% (7) had a negative fusion status.
Negative fusion status was observed in 3 of 24 patients with
RASP, 3 of 20 with CASP not requiring revision surgery, and 1
of 19 requiring revision surgery. Surgeon interpretation of
symptom reporting was used to differentiate symptoms felt
to be related to ASP rather than pseudarthrosis. No patients

Table 1 Patient demographics

Total (n ¼ 217) No ASP (n ¼ 154) ASP (n ¼ 63)

Age 51.0 (� 22.4 SD) 47.0 (� 23.2 SD) 59.4 (� 17.7 SD)

Sex

Male 77 (35.5%) 55 (71.4%) 22 (28.6%)

Female 140 (64.5%) 99 (70.7%) 41 (29.3%)

ODI at follow-up 31.1 (� 18.0 SD) 26.1 (� 16.4 SD) 43.5 (� 15.6 SD)

Initial pathology

Degenerative 153 (70.5%) 96 (62.3%) 57 (90.5%)

Nondegenerative 64 (29.5%) 58 (37.7%) 6 (9.4%)

Fusion status

Fused 200 (92.2%) 144 (93.5%) 56 (88.9%)

Nonfused 17 (7.8%) 10 (6.5%) 7 (11.1%)

Radicular symptoms 39 (18.0%) 0 39 (18.0%)

Revision required 19 (8.8%) 0 19 (8.8%)

Abbreviations: ASP, adjacent segment pathology; ODI, Oswestry Disability Index; SD, standard deviation.

Fig. 1 Radiographic diagnosis of patients with adjacent segment
pathology. Patients may have more than one radiographic diagnosis.
Abbreviation: DDD, degenerative disk disease.

Global Spine Journal Vol. 4 No. 2/2014

Adjacent Segment Breakdown Abraham et al. 85

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



received surgery for a diagnosis of symptomatic pseudarth-
rosis. Based on calculations of relative risk, a negative fusion
status demonstrated a 1.5 times greater risk of ASP as
compared with those with a positive fusion status.

On average, patients with RASP received fusion to 4.4
levels with 83% ending at the S1 level. Average fusion length
was 4.8 levels with 90% ending at the S1 level in the CASP
cohort. Average fusion length was 5.1 levels with 89% ending
at the S1 level in the patients requiring revision surgery. The
groups did not differ statistically in this regard.

Overall, the mean ODI score at final follow-up for all
patients was 31 � 18.0. The mean ODI scores for patients
with no ASP (26 � 16.5), patients with RASP (35 � 16.6), and
patients with CASP (49 � 12.3) were significantly different (F
(2.214) ¼ 33.020, p < 0.001), reported in ►Fig. 2. Post hoc
testing indicated that the group means of patients without
ASP differed from patients with RASP (p < 0.05) and CASP
(p < 0.001). Also, the group means of RASP differed from
CASP (p < 0.01).

Themean ODI scores for patients with an initial nondegener-
ative diagnosis (21 � 15.4) and for patients with an initial
degenerative diagnosis (35 � 17.5) were statistically different
(t(215) ¼ �5.529, p < 0.001). The mean ODI scores for patients
who did not have revision surgery (30 � 17.5) and for patients
who did have revision surgery (49 � 13.65) were statistically
different (t(215) ¼ �4.684, p < 0.001). Themean ODI scores for
patients with a negative fusion status (39 � 15.8) and for
patients with a positive fusion status (31 � 18.1) approached
statistical difference (t(215) ¼ 1.957, p ¼ 0.052). The mean ODI
scores for female patients (33 � 8.3) and for male patients
(30 � 17.9) did not differ significantly.

Discussion

The occurrence of ASP has been attributed to multiple
variables. Patient factors, the nature of the surgical pathology,
the surgical intervention performed, and the type and length
of follow-up contribute to the observation of ASP. Thus,
surgeon and patient decision making remains challenging
due to lack of specific correlations and recommendations.

To date, extensive literature is available regarding ASP, and
these findings have been synthesized in several recent sys-

tematic reviews.9,11,18,19 The disease occurrence appears to
demonstrate reasonable consistency, although the etiology
has yet to be confirmed. The incidence of ASP for single-level
fusion has been reported to range from 5 to 30% at a 2-year
follow-up.9,20 The results from the current study indicate that
the radiographic incidence of ASP is 29% and the clinical
incidence is 18% with multiple fusion levels. These results are
in line with a recent review that calculated radiographic
incidence at 34% and clinical incidence at 14%.11 Although
the incidence rate from the current study is comparable to
those calculated in the review by Harrop et al,11 there are
some differences that, as noted above, may be due in part to
numerous factors, including length of fusion and length of
observation. Fusion extension to multiple segments has
demonstrated increasing biomechanical alterations with
greater fusion lengths in human cadaveric models.21,22

Several authors have implicated polysegmental fusion
with ASP.1,20,23–25 Cheh et al found a difference in the
incidence of CASP when patients with a single level fused
were compared with those with four levels fused (27% versus
67%), an average of 7.8 years following posterior fusion with
pedicle screw fixation.1 Yang and colleagues observed that
with longer fusions more severe radiographic progression of
degeneration was seen.20 A correlation was found between
larger changes in degeneration to poorer clinical outcomes.20

Also noted was an increase in the incidence of radiographi-
cally defined ASP from 11.6 to 14.5 to 16.3%when one, two, or
more than two segments were fused, respectively; however,
this relationship was not statistically significant.20 As well,
Rahm and Hall observed an ASP incidence of 35% with an
average fusion length of 2.5 levels in an average of 5.1 years
after intertransverse fusion.23 None of their patients with a
single level fused developed ASP, and they found a significant
correlation between the number of levels fused and the
development of ASP. In the present study, polysegmental
(� 3) fusionwas assessed at a mean 9.5 years and aminimum
5-year follow-up. The incidence of RASP was 29%, the inci-
dence of CASP was 18%, and the overall incidence of patients
requiring surgery was 9%.

Numerous authors have attempted to identify risk factors
for ASP. Examined factors include the use of instrumentation,
posterior lumbar interbody fusion, facet joint injury during
surgery, sagittal alignment, pre-existing degenerated disk at
the adjacent level, lumbar stenosis, age, osteoporosis, female
sex, postmenopausal state, pedicle screw placement, and
polysegmental fusions; none of these factors have yet to be
confirmed as a definitive cause of ASP, and therefore a
multifactorial etiology is likely.9,18,19,26 The results from
our current study suggest that these factors may include
increased age, degenerative diagnosis, and fusion status.
The results of our current study did not indicate support
for female sex as a risk factor for ASP as was also noted in a
systematic review conducted by Lawrence et al,19 where the
strength of evidence for sex was found to be “low.”

To subjectively assess disability in patients with and
without ASP, ODI was administered once at the follow-up
appointment in the present study. Cautious interpretation of
these values is required in the absence of comparative

Fig. 2 Oswestry Disability Index (ODI) scores for patients without
adjacent segment pathology (ASP-NO), patients with nonsymptomatic
adjacent segment pathology (RASP), patients with symptomatic ad-
jacent segment pathology (CASP) and scores for patients who did and
did not undergo revision surgery. All scores are statistically different
between groups (p < 0.05).
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preoperative baseline scores. However, whenODI scoreswere
averaged for patients with andwithout ASP, the average score
indicated a statistically higher level of disability in the ASP
group. When the ASP group was divided into asymptomatic
(RASP) and symptomatic (CASP) patients, these two groups
also differed significantly in ODI scores. Patients who re-
quired revision surgery scored significantly higher on the ODI
as compared with those who did not need revision surgery.
These results suggest that ODI scores may be an important
indicator of ASP clinical significance and could be useful in
treatment decision making.

Protective effects of additional anterior spinal procedures
or incorporation of the degenerative adjacent level in the
original surgical procedure may influence the occurrence of
ASP.12,14 Natural progression of the original preexisting dis-
ease will likely contribute to ASP.13,27 Revision surgery may
be considered the ultimatemanifestation of adjacent segment
failure and the end of the progression from surgery to
radiographic deterioration through clinical deterioration.
Revision surgery remains an important end point for patients
receiving posterior spinal fusion, and thus, its occurrence
requires quantification.

Conclusion

This study provides insight into the occurrence of both
radiographic and clinical breakdown around polysegmental
fusions and the subsequent need for further surgery in this
patient population. In thoracolumbar fusions of three ormore
levels, ASP was identified in 29% of cases, was clinically
symptomatic in 18%, and required revision surgery in 9%.
Possible risk factors include fusion status and age of patient,
and ODI scoresmay help identify patients with asymptomatic
ASP.

As previously noted, ASP continues to be a well-debated
postsurgical problem. Despite its etiology, understanding the
occurrence and management of degeneration adjacent to a
previously fused spinal region is paramount for spine care
clinicians. Continued effort to understand the pathome-
chanics of the breakdown and to minimize the occurrence
is necessary. Although new treatment options may be avail-
able, fusion remains themainstay of surgical management for
certain spinal pathologies; thus, awareness of the frailties of
this treatment is crucial.
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